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Abstract 
Water stress and low phosphorus availability are the limiting factors for growth and yield of wheat. Five 
different phosphorus levels (P = 0, 30, 60, 90, 120 kg ha
-1
) with three water stress levels (I1 = well-irrigated, I2 = 
water stress at reproductive stage and I3 = water stress both at vegetative + reproductive stages) were applied to 
check their effects on growth and yield of wheat. Higher application of phosphorus with optimum irrigation 
showed significant effect on growth of wheat. Higher phosphorus application rate compensate the effect of water 
stress conditions both at vegetative and reproductive stages. Drought stress at vegetative + reproductive stages 
was more drastically affected as compared to stress at reproductive stage. Lower phosphorus application rate 
with water stress caused maximum reduction in plant height, number of tillers, spike length, number of grains 
spike
-1
, 1000 grains weight, grain yield and straw yield. It was concluded that application of phosphorus at 
higher rate could compensate drastic effect of water stress. On overall performance, application of phosphorus at 
the rate of 120 kg ha
-1
 showed better results under water stress conditions as compared to other phosphorus 
levels. 
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INTRODUCTION  
Water shortage and phosphorus deficiency are among major abiotic stresses that limit the productivity 
of cereals (Usman, 2013; Yu et al., 2013). Applying Irrigation and fertilizer to crop is vital for enhancing crops 
yield (Clarke et al., 1990; Recio et al., 1999). Water shortage often causes nutrient deficiency particularly 
phosphorus (Haefele et al., 2006). In most of arid and semi-arid regions of the world, there is limited available 
rainfall water for wheat (Jafar et al., 2007). 
Phosphorus plays an important function in plant physiology. It utilizes sugar and starch and involved in 
transfer of energy. It strengthen the straw and increase flower formation and fruit production (Anon., 1988). 
When it applied in soil it becomes fixed in soil soon after its application that limits that crop growth (Mandal and 
Khan, 1972). Application of phosphorus enhances drought tolerance in plant. It also stimulates root growth and 
photosynthesis (Singh and Sale, 2000). Application of fertilizer in dry land improve yield and increases the soil 
water usage (Li et al., 2001). 
Plant growth depends on several factors, among which water is much important (Kanety et al., 2014). It 
reduces the fruit abscission at earlier growth stage (Buttar et al., 2014). Irrigation has a positive effect on growth 
of wheat (Kanety et al., 2014). Higher application of irrigation to plants can increase the growth and yield 
(Ahadiyat et al., 2014; Buttar et al., 2014). Wheat mostly absorbed water 0-60 cm from soil (Li et al., 2010). 
Application of irrigation at earlier growth stage of wheat can enhance plant height, number of tillers (Usman, 
2013) and grain yield (Tahir et al., 2006; Usman, 2013; Yousaf et al., 2014). Plant physiological and metabolic 
functions become reduced even at small reduction in water availability (Din et al., 2011). Plant height was also 
significantly affected by water shortage (Specht et al., 2001) and 50% reduction in plant height was observed in 
previous studies (Heuer and Nadler, 1995). Application of phosphorus fertilizer produces taller plants (Cheema 
et al., 2001). 
Fertilizers are also important to enhance the crop yield but in some case it decreases the yield due to 
shortage of irrigation (Li et al., 2001; Rusan et al., 2005; Usman, 2013). Integrated effect of phosphorus and 
irrigation causes increase in grains weight might be due to production of maximum number of grains. Higher 
phosphorus application rates enhanced the grain size which increases the grain weight (Hossain et al., 1996; 
Turk and Tawaha, 2002). Water stress causes reduction in grain weight and grain yield (Chimenti et al., 2002; 
Erdem et al., 2006; Usman, 2013). Integrated use also improves the nutrient uptake (Yousaf et al., 2014). Due to 
water shortage grain yield become reduced (Ahadiyat et al., 2014). Grain yield has a correlation with number of 
spikes in all stages of growth (Guendouz et al., 2014). Usman (2013) reported 26% increased in grain yield 
through the application of irrigation. 
Irrigation is necessary for crop growth because of evaporation from plant demands more water to 
supply (Li et al., 2001; Rusan et al., 2005). For wheat growth and development soil moisture is needed in the 
root zone. Soil moisture tension becomes increase due to the reduction in soil moisture content in soil (Arora et 
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al., 2007). The phosphorus that remained in the soil is important for long term phosphorus management practices. 
Phosphorus fertilizer recovery is low because of its conversion into unavailable forms of phosphorus that cannot 
be taken up by plants (Osborne and Rengel, 2002; Wang et al., 2005). 
The overall irrigation scheduling can be changed significantly depending on phosphorus application 
(Rizzo et al., 1992). As a management strategy, fertilizer application and water absorption from soil water 
profile has been focused from long period of time to achieve higher yield (Tavakkoli and Oweis, 2004; Oweis 
and Hachum, 2006). In low water availability role of fertilizers is limited. Increasing crop yield depends on 
improvement of water availability (Li et al., 1998; Usman, 2013). Improvement in soil water availability also 
improved the fertilizers use efficiency. Keeping in view the above fact, present study was designed to evaluate 
the effect of different phosphorus levels on growth and yield parameters of wheat at vegetative and reproductive 
stages. 
 
MATERIALS AND METHODS 
 Field study was conducted at Research Area of Regional Agriculture Research Station Bahawalpur, 
Pakistan by using split plot design with three replications. Five phosphorus levels (P1 = 0 kg ha
-1
, P2 = 30 kg ha
-1
, 
P3 = 60 kg ha
-1
, P4 = 90 kg ha
-1
, P5 = 120 kg ha
-1
) with three water stress levels (I1 = well-irrigated, I2 = water 
stress at reproductive stage and I3 = water stress at vegetative + reproductive stages) were applied. Wheat variety 
(Aas-2011) was used as a test crop in this experiment. Well prepared soil was made to grow wheat crop at the 
rate of 125 kg ha
-1
. Plot size was 8m × 1.8m.  
All phosphorus and potassium doses were applied at the time of sowing. Nitrogen was applied at three 
split doses. DAP was used as a phosphorus source whereas, nitrogen and potassium were applied in the form of 
urea and sulphate of potash (SOP). Irrigation was stopped at the stages of vegetative and reproductive growth to 
maintain drought stress. Other agronomic practices were done to maintain the crop growth. At the time of 
physical maturity crop was harvested and the data regarding growth and yield parameters was taken.  
Ten plants from each plot were select and their average plant height and spike length was taken with 
meter rod. From those randomly selected plants number of spikes plant
-1
 were taken. The spikes were threshed 
manually and grains were counted to take the data of number of grains spike
-1
. 1000 grains were selected from 
each plot and their weight was taken. The total grain and straw weight was recorded from ach plot and was 
expressed in terms of t ha
-1
.  
The data was analyzed statistically and treatment means was compared by employing LSD test at 5% 
probability level (Steel et al., 1997). 
 
 RESULTS 
 Plant height: - Data regarding the plant height revealed that plant height become increase with increasing 
phosphorus application rate (table 1). Highest plant height (92 cm) was observed in well irrigated field 
conditions with the application of 120 kg ha
-1
 phosphorus. This application rate also showed better plant height 
in water stress at vegetative + reproductive stage (87 cm) and reproductive stages (90 cm). In control phosphorus 
(P = 0 kg ha
-1
) shortest plant height was observed in well irrigated as well as in water stress at vegetative and 
reproductive stages. Better results were obtained in well irrigated field whereas water stress at vegetative + 
reproductive stages reported lowest plant height as compared to reproductive stage. 
Spike length: - Results of analysis of variance showed significantly maximum spike length with the application 
of phosphorus at the rate of 120 kg ha
-1
 in well irrigated conditions (table 1). With this application rate, water 
stress at vegetative and reproductive stages also reported better spike length as compared to other phosphorus 
application rate. Minimum spike length was observed in well irrigated as well as in water stress at vegetative and 
reproductive stages without phosphorus (P = 0 kg ha
-1
). Shortest spike length was observed in water stress at 
vegetative + reproductive stage followed by reproductive stages. Better results were obtained in well irrigated 
field where increased spike length was observed with increasing phosphorus application rate. 
Number of tillers plant
-1
: - In the present study phosphorus application showed enhanced number of tillers 
plant
-1
 under well irrigated field and water stress conditions (table 2). Phosphorus application rate at 120 kg ha
-1
 
showed maximum number of tillers plant
-1
 under well irrigated field as well as under water stress conditions 
(figure 1). Vegetative + reproductive stage showed more sensitivity with respect to number of tillers plant
-1
 as 
compared to reproductive stage. Minimum number of tillers plant
-1
 was observed with control phosphorus (P = 0 
kg ha
-1
) in well irrigated as well as in water stress at vegetative and reproductive stages. 
Number of grains spike
-1
: - The data regarding number of grains spike
-1
 is shown in table 2. Mean comparison 
showed that with the application phosphorus at the rate of 120 kg ha
-1
 showed significantly maximum number of 
grains spike
-1
 (37) whereas in control phosphorus lowest number of grains spike
-1
 (29) was obtained under well 
irrigated field conditions. Phosphorus application rate at 120 kg ha
-1
 also showed better results under water stress 
at vegetative and reproductive stages. It showed 30 and 34 number of grains spike
-1
 under water stress at 
vegetative + reproductive and reproductive stages respectively. Control phosphorus application showed lowest 
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number of grains spike
-1
 under water stress as compared to other phosphorus application rate. 
1000 grains weight: - Variation in 1000 grain weight was observed with the application of different phosphorus 
and water stress levels (table 3). Increased in 1000 grains weight was report by phosphorus application at 120 kg 
ha
-1
 under well irrigated and water stress at vegetative and reproductive stages. It showed 48 g, 44 g and 40 g of 
1000 grains weight respectively. It was also observed that water stress badly affect 1000 grains weight especially 
at vegetative and reproductive stages. Minimum 1000 grains weight was observed by control phosphorus 
application in all the drought level. Under water stress more sensitivity was observed in vegetative stage with 
respect to 1000 grains weight as compared to reproductive stage.  
Grain yield: - It was revealed that grain yield become increase with increasing phosphorus application rate 
(figure 2). With the application of 120 kg ha
-1
 phosphorus, maximum grain yield (3.24 t ha
-1
) was observed in 
well irrigated field conditions (table 3). This application rate also showed better grain yield in water stress at 
vegetative + reproductive (1.79 t ha
-1
) and reproductive stages (2.60 t ha
-1
). Control phosphorus (P = 0 kg ha
-1
) 
reported lowest grain yield under well irrigated as well as in water stress. Better results were obtained in well 
irrigated field whereas water stress at vegetative stages and reproductive stages showed greater loss in grain 
yield. 
Straw yield: - In case of straw yield, under well irrigated field conditions data showed that with the application 
phosphorus at the rate of 120 kg ha
-1
 showed significantly maximum straw yield (5.25 t ha
-1
) whereas in control 
phosphorus lowest straw yield (3.27 t ha
-1
) was obtained. Under water stress at vegetative and reproductive 
stages, it also showed better results. It showed 3.32 t ha
-1
 and 4.17 t ha
-1
 straw yields under water stress 
respectively. Without phosphorus application, lowest straw yield under water stress was observed as compared 
to other phosphorus application rate. Water stress drastically affects the straw yield both at vegetative and 
reproductive stages. 
 
 DISCUSSION 
 Water stress at vegetative and reproductive stages significantly decreased the plant height and spike 
length. Reason could be reduction in elongation and extension of cell which reduced plant tissue development 
and growth. Tahir et al. (2006) reported 53% reduction in plant height and spike length. They also reported 
increase in plant height and spike length with increasing amount of irrigation. Water stress reduced growth 
through disturbing the balance of reactive oxygen species and antioxidant defense. Reactive oxygen species 
become accumulate which cause oxidative stress in protein and membrane lipids. Water stress also affects 
photochemical and enzymatic activities in plants (Usman, 2013). Higher application rate of phosphorus resulted 
in taller plant. Cheema et al. (2001) also described the increase in plant height and spike length with the 
application of phosphorus fertilizers. 
Phosphorus in water stress conditions increased the number of tillers plant
-1
. More phosphorus 
application at early flowering stage compensates the drastic effect of phosphorus (Ahmadi and Bahrani, 2009; 
Usman, 2013). Our results are similar to Rao et al. (2013) and Usman (2013) who reported reduction in number 
of tillers plant
-1
 due to water shortage. Increase in phosphorus application with optimum irrigation at critical 
growth stages showed increase in number of tillers. Results of Turk and Tawaha (2001) and Khan et al. (2002) 
supported our findings who reported greater number of tillers with phosphorus band application. Qadir et al. 
(1999) reported reduced number of tillers due to water stress which causes the reduction in grain yield. 
Increase in phosphorus and irrigation application cause increased in number of tillers, grain spike
-1
 and 
grain weight. It could be due to higher phosphorus application rate which causes increased in grain size which 
ultimately increases number of tillers, grain spike
-1
 and grain weight (Usman, 2013). Qadir et al. (1999) reported 
reduced grain weight and grains spike
-1
 
which causes the reduction in grain yield of wheat due to water stress. 
Hossain et al. (1996) and Turk and Tawaha (2002) also reported higher 1000 grain weight and number of tiller 
with higher phosphorus application in groundnut. Our results are also according to the finding of Maqsood et al. 
(2002) who observed maximum tillers, grains spike, 1000 grain weight and grain yield. Similar results were also 
reported by Chimenti et al. (2002) and Erdem et al. (2006) who indicated lower grain weight with increasing 
water stress. Qadir et al. (1999), Rao et al. (2013) and Usman, (2013) reported the reduction in number of tillers, 
grain spike
-1
 and 1000 grain weight.  
It was observed that grain and straw yield increased significantly as irrigation and P application rate 
increases. Reduction in number of tiller, number of grains spike
-1
 and 1000 grain weight due to water stress also 
causes the reduction in grain yield (Qadir et al., 1999; Usman, 2013). The reason could also be due to nutrient 
deficiency, low phosphorus solubility which caused reduction in biomass (Haefele et al., 2006; Ismail et al., 
2007; Yu et al., 2013). Rathke et al. (2005) also reported lower yield without fertilizer application. Similar 
results were also reported by Kang et al. (2002), Zhang et al. (2008) and Jiang et al. (2012). Increased in grain 
and straw yields were observed due to increased irrigation levels by Reddi and Reddi (1995). Turk and Tawaha 
(2001) and Ahadiyat et al., (2014) also reported higher grain and straw yield with phosphorus application.  
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CONCLUSION 
Present study evaluates five phosphorus and three water stress levels for growth and yield of wheat. 
Application of phosphorus at the rate of 120 kg ha
-1
 showed better crop productivity in well irrigation as well as 
in water stress at vegetative and reproductive stages. Water stress drastically affects the critical growth stages of 
wheat. It was recommended to apply higher rate of phosphorus to compensate the drastic effect of wheat stress. 
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Table 1:- Effect of phosphorus levels on plant height and spike length under water stress 
Drought levels Phosphorus levels Plant height (cm) Spike length (cm) 
Well-irrigated 
P0 = 0 kg ha
-1
 85.0 ± 0.57 10.9 ± 0.31 
P1 = 30 kg ha
-1
 88.0 ± 0.84 11.2 ± 0.33 
P2 = 60 kg ha
-1
 89.0 ± 0.52 11.9 ± 0.34 
P3 = 90 kg ha
-1
 90.0 ± 0.85 12.8 ± 0.17 
P4 = 120 kg ha
-1
 92.0 ± 0.44 13.2 ± 0.44 
Water stress at 
reproductive stage 
P0 = 0 kg ha
-1
 84.3 ± 0.33 10.5 ± 0.51 
P1 = 30 kg ha
-1
 85.0 ± 0.66 10.9 ± 0.57 
P2 = 60 kg ha
-1
 87.0 ± 0.75 11.2 ± 0.07 
P3 = 90 kg ha
-1
 88.5 ± 0.33 11.5 ± 0.50 
P4 = 120 kg ha
-1
 90.0 ± 0.67 12.2 ± 0.54 
Water stress at 
vegetative stage + 
reproductive stage 
P0 = 0 kg ha
-1
 83.0 ± 0.82 10.1 ± 0.49 
P1 = 30 kg ha
-1
 83.5 ± 0.48 10.4 ± 0.17 
P2 = 60 kg ha
-1
 84.7 ± 0.58 10.6 ± 0.53 
P3 = 90 kg ha
-1
 86.0 ± 0.66 10.9 ± 0.33 
P4 = 120 kg ha
-1
 87.5 ± 0.62 11.1 ± 0.17 
 LSD (p≤0.05) 3.409 1.237 
 
Table 2:- Effect of phosphorus levels on number of tillers and grains under water stress 
Drought levels Phosphorus levels Number of tillers m
-2
 Number of grains spike
-1
 
Well-irrigated 
P0 = 0 kg ha
-1
 103 ± 0.33 29 ± 0.93 
P1 = 30 kg ha
-1
 105 ± 0.62 30 ± 0.83 
P2 = 60 kg ha
-1
 109 ± 0.72 33 ± 1.31 
P3 = 90 kg ha
-1
 112 ± 0.57 35 ± 1.43 
P4 = 120 kg ha
-1
 114 ± 0.40 37 ± 1.22 
Water stress at 
reproductive stage 
P0 = 0 kg ha
-1
 101 ± 0.57 26 ± 1.22 
P1 = 30 kg ha
-1
 103 ± 0.82 29 ± 1.93 
P2 = 60 kg ha
-1
 105 ± 0.66 31 ± 1.72 
P3 = 90 kg ha
-1
 108 ± 0.35 32 ± 1.26 
P4 = 120 kg ha
-1
 109 ± 0.80 34 ± 0.57 
Water stress at 
vegetative stage + 
reproductive stage 
P0 = 0 kg ha
-1
 100 ± 0.73 23 ± 1.20 
P1 = 30 kg ha
-1
 101 ± 0.57 25 ± 0.48 
P2 = 60 kg ha
-1
 103 ± 0.33 26 ± 0.88 
P3 = 90 kg ha
-1
 106 ± 0.57 28 ± 0.94 
P4 = 120 kg ha
-1
 108 ± 0.59 30 ± 1.18 
 LSD (p≤0.05) 2.299 4.474 
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Table 3:- Effect of phosphorus levels on yield component of wheat under water stress 
Drought levels Phosphorus levels 
1000 grain  
weight (g) 
Grain yield 
(t ha
-1
) 
Straw yield 
(t ha
-1
) 
Well-irrigated 
P0 = 0 kg ha
-1
 40.50 ± 0.89 1.68 ± 0.07 3.27 ± 0.18 
P1 = 30 kg ha
-1
 41.60 ± 1.37 2.16 ± 0.04 3.71 ± 0.12 
P2 = 60 kg ha
-1
 42.40 ± 0.68 2.54 ± 0.11 4.49 ± 0.13 
P3 = 90 kg ha
-1
 46.12 ± 1.24 2.85 ± 0.08 4.70 ± 0.12 
P4 = 120 kg ha
-1
 48.50 ± 0.77 3.24 ± 0.10 5.25 ± 0.15 
Water stress at 
reproductive 
stage 
P0 = 0 kg ha
-1
 38.72 ± 0.22 1.39 ± 0.09 2.93 ± 0.19 
P1 = 30 kg ha
-1
 40.26 ± 0.99 1.75 ± 0.06 3.24 ± 0.16 
P2 = 60 kg ha
-1
 41.40 ± 0.83 1.98 ± 0.09 3.59 ± 0.20 
P3 = 90 kg ha
-1
 43.58 ± 1.22 2.26 ± 0.07 3.95 ± 0.16 
P4 = 120 kg ha
-1
 44.21 ± 061 2.60 ± 0.03 4.17 ± 0.13 
Water stress at 
vegetative stage + 
reproductive 
stage 
P0 = 0 kg ha
-1
 30.50 ± 0.55 1.15 ± 0.07 2.42 ± 0.17 
P1 = 30 kg ha
-1
 32.60 ± 1.16 1.29 ± 0.04 2.68 ± 0.12 
P2 = 60 kg ha
-1
 38.73 ± 1.51 1.44 ± 0.08 2.94 ± 0.11 
P3 = 90 kg ha
-1
 40.47 ± 0.99 1.59 ± 0.05 3.15 ± 0.20 
P4 = 120 kg ha
-1
 40.47 ± 0.79 1.79 ± 0.07 3.32 ± 0.19 
 LSD (p≤0.05) 3.424 0.293 0.064 
 
 
 
Figure 1: - Effect of different phosphorus levels on number of tillers m
-2 
of wheat 
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Figure 2: - Effect of different phosphorus levels on grain yield of wheat  
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